Summary: Remote sensing of fruit tree micro environment plays a major role in both horticultural and soil mapping applications. In frame this study presented a novel method to survey the spatial distribution of physical and water management properties of soils. The examinations were carried out at an intensive experimental apple orchard in Debrecen-Pallag. The examination site is the part of the Experimental Pomology plantation of the University of Debrecen, Faculty of Agronomy. Particle-size distribution, plasticity according to Arany, metal content by XRF spectrometry, soil physical parameters, acidity, electric conductivity of soils, were measured to obtain appropriate information on the physical properties of the soil. Based on the results, the accurate spatial positions of those sites were characterized where soil loosening should be implemented in 0,3-0,4 m depth. Spatially precise soil physical barriers were determined for applied micro-irrigation system. Based on the micro-element content and pH, the accurate spatial positions of those sites were selected where melioration and micronutrient fertilization is needed. These detailed data sources also applied to calibrate the applied airborne hyperspectral images to extend spatially these point based information.
Introduction
It can be forecast with high probability that in future water will be the determining (hopefully not limiting) factor of food security and environmental safety in the Carpathian Basin (Somlyódy, 2000; Várallyay, 2002) . Consequently, the role of real time detailed information in water use efficiency will be one of the key issues of fruit production.
The limited water resources and the increasing frequency of extreme hydrological events (floods, water-logging, overmoistening and drought) due to the high territorial and temporal variability of atmospheric precipitation; the heterogeneous (micro) relief; and the unfavorable physical/hydro physical characteristics of soils are pressing to improve agricultural water use efficiency and necessitates an efficient control of soil moisture regime in the Carpathian Basin (Pálfai, 2000; Várallyay, 1989) .
Spatial variability of soil properties may appear in yield variation within a single field even in areas considered to be homogeneous from soil survey point of view. Effects of various sources of soil heterogeneity on the annual or longterm average soil water budget appear to differ markedly (Kim, 1995) . Simulation models are tools for analyzing the moisture regime with respect to physical properties of soils (Majercak & Novak, 1994; Djurhuus et al., 1999) . The disadvantage of this approach is that it does not reflect the spatial pattern of the soil water balance elements. When used this tool in field scale models, have to be up-scaled from point validity soil profiles using geostatical methods (Van Meirvenne et al., 1995; Tóth & Kuti, 2002) , or effective hydraulic parameters (Smith & Diekkrüger, 1996) . The use of effective hydraulic parameter values reduces the number of simulations significantly, but interprets the whole field as a homogeneous equivalent soil profile.
Traditional soil mapping is very time and cost consuming process. Remote sensing is the effective method to evaluate spatial pattern of the orchards within relatively short period. Sabins's, (1997) definition was about the remote sensing: the science of acquiring, processing, and interpreting images and related data, acquired from aircraft and satellites, that record the interaction between matter and electromagnetic energy. Remote sensing technologies make a possibility to the time series analyzing of the soils at an orchard and obtaining information of qualitative and quantitative water management parameters of soils (Berke et al., 2004) .
The imaging spectroscopy technique, which provides near-laboratory-quality reflectance information, also has the capability to obtain non visible information and thus to produce a spatial overview of the mapping processes in large scales (Ben-Dor, 2002 ).
The analyzing technology, which was developed to survey the broadband spectral data, is incapable to exhaust all advantages of the hyperspectral remote sensing (Tamás & Nagy, 2009) . A major problem with traditional broad-band multispectral sensors -like SPOT, Landsat MSS, and Landsat ETM+-is the insufficient spectral resolution to map detailed soil features which exhibit subtle differences in spectral signatures (Clark, 1999) .
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The presented hyper-and multispectral technology is used in the precision agriculture (Burai, 2006; Németh et al., 2007) but less experimental applications have known in fruit production and even less in real farm practice.
Materials and methods
The aim of this study was to present a complex process to evaluate the spatial distribution of physical and water management properties of soils. Based on results can be redesign field management especially the effect of high precipitation intensity on orchards. The examinations were carried out at an intensive apple orchard in Debrecen-Pallag. The examination Pomology plantation is the part of the Horticultural Experimental Farm of the University of Debrecen, Institute of Horticulture (Nyéki et al., 2005) . Particle-size distribution, upper limit of soil plasticity according to Arany, element content by XRF spectrometry, maximum and field water capacity, soil density, acidity, electric conductivity of soils were measured to obtain appropriate information on the physical properties of the soil.
Due to the heterogeneous terrain surface special attention has to be paid to places with different location in order to examine all of the different soil varieties. The coordinates of the sampling points were collected by DGPS (Figure 1) . Systematic grid sampling strategy was carried out based on the number of the rows and apple trees. The soil samples were collected by Eijkelkamp soil auger gauge from the surface and 0,4 m, 0,7 m depth. Undistributed soil samples were collected from 0.3 m depth to measure the water retention capacity.
The actual water content of the soil samples were determined by gravimetric method (W/V%). The particle size fraction were measured by sieving, though 2 mm, 1 mm, 630 µm, 500 µm, 315 µm, 200 µm, and 100 µm sieves. Based on the results the rate of particle size fractions were calculated in the W% of the sample weight. The soil plasticity (K A ), was also measured. Using the undistributed samples, water retention capacities were calculated at pF=0 and pF=2.2.
The soil permeability and water absorbing capacity were also measured with using infiltration boxes in field condition.
Soil compaction status was also measured on field by 3T System penetrometer. The data of soil penetration resistance and the soil moisture at each centimeters was measured (kPa) in root zone (depth = 0.60 m). The actual soil moisture content was expressed in V% of the field capacity (pF 2.5). The pH and electric conductivity of the soil samples were measured by EBRO and WTW LF 320/SE devices, in 1:2.5 ratio of water -soil suspension. The elements (Fe, K and Ca) content of the air dried and sieved (<2 mm) soil samples were determined by NITON XL t 700 field portable XRF spectrometer. The spatial heterogeneities of the experimental site were calculated by Surfer 9.0 and spectral evaluation was carried out by ENVI 4.6 software.
In August 2009, the spectral and spatial data with high ground (1 m) resolution was collected by AISA DUAL airborne hyperspectral camera. The instrument operated in cooperation the University of Debrecen, AMTC, Department of Water and Environmental Management with the Mechanization Institute of Agricultural Ministry in Gödöllô. The most important parts of the hyperspectral sensors are the spectrograph, which dissolve the electric waves arrived through the optical rift with the help of prisms and optical screen. The two hyperspectral sensors are used in common house; therefore it is known ASIA DUAL system. The two cams can perceive in the visible wavelength, near infrared range and short wave infrared range. Wavelength: 400-2450 nm (EAGLE: 400-970 nm and HAWK: 970-2450 nm) which is suitable for the determination of minerals and quartz detection (Kardeván, 2003) .
Results and discussion
Based on soil plasticity (AK), different characteristics could be distinguished in every layer: surface, 0,4 cm and 0,7 m (Figure 2) .
Since the maximal value (K A =30) measured at the sampling point with the lowest altitude, it was caused by the relief. Significant differences among these parameters of the three soil layers cannot be found.
Based on size distribution of the soil materials, the rate of the coarse sand fractions were high and significant differences among sand fractions of the three soil layers also not be found (Table 2) The spatial variability of the actual volumetric water content were lows in all layers, in root zone of the dripirrigated apple orchard (Table 3) .
However, the spatial distribution of maximal (WH max ) and minimal (WH min ) water retention capacities were heterogeneous. Based on the results, 180-260 mm/m minimal water retention capacity was measured, which is typical for sandy loam soils (Table 4) . This more heavy textured statement is contradicted to the results of the saturation light sandy soil.
This contradiction is fairly caused by the increased soil density of the compacted layer.
Even in the 0,2-0,3 m soil layer the soil density reached and exceeded the 3 MPa soil penetration resistance value, which is typical for the heavily compacted soil condition (Birkás, 2002) . The mean penetration resistance values of deeper soil layers were clearly exceeded this threshold. These properties of the soil profile basically influenced more soil water related process.
At the Eastern part of the examined apple orchard site, sandstone layer with extreme high soil density was found at 0,3-0,4 cm depth. At this layer penetration resistance values exceeded the upper limit of the measurement range (10 000 kPa) of the penetrometer, therefore it was not possible to measure deeper soil layers Hyperspectral spectral curve were collected at sampling points of sample area to analyze spectral curves (Figure 3 ). The spectral profile shows the spectral value regarding to 1 pixel (0,25 m 2 ) in case of all channels.
Correlation analysis was investigated between the reflectance values of the channels, and the field measurement results. Significant correlations (significance level<0.05) were found between the minimal water retention capacity and the following range of channels (400-1345 nm, (R=0.7); 1640-1797 nm, (R=0.5); 2331-2413 nm, (R=0.5)). Correlation factors are mean values. 
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